Neurosurg Focus 40 (6): E8, 2016 O ssificatiOn of the posterior longitudinal ligament (OPLL) is a common cause of cervical compressive myelopathy. The incidence of OPLL in Asian countries is estimated to range from 0.4% to 3.0%, while the incidence ranges from 0.1% to 1.7% among North Americans and Europeans.
Anterior corpectomy and fusion (ACF) and posterior laminoplasty are 2 traditional surgical procedures that are widely used for treating patients with OPLL. The ACF procedure is used to achieve direct decompression by resection of the ossified mass via an anterior approach. The advantages of the anterior approach are as follows: 1) removal of the ossified mass enables complete decompression, and 2) spinal fusion can stabilize the cervical spine and relieve pressure on the injured cord. However, the following disadvantages are also notable: 1) the operation is more technically demanding, 2) a bone graft harvested from the iliac or fibula may be needed, 3) a longer postoperative immobilization period is required, and 4) the incidence of complications is high. 1, 5, 16, 20, 22 Laminoplasty expands the available space of the spinal canal so as to achieve indirect decompression by shifting the spinal cord posteriorly. The relative advantages of laminoplasty are as follows: 1) the technique is easy to grasp, and 2) a shorter postoperative immobilization period is required. The disadvantages of laminoplasty include the following: 1) indirect decompression may lead to poor outcomes, especially for highly occupied OPLL; 2) adequate cervical lordosis is required for a satisfactory outcome; 3) postoperative cervical instability and kyphosis may lead to neurological deterioration; and 4) postoperative nuchal pain is frequent. 15, 20, 22, 26 Although many studies in recent years have compared the outcomes of patients treated using ACF with the outcomes of those treated using laminoplasty, all were nonrandomized controlled studies with poor quality and conflicting results. Given these previous studies, the optimal surgical approach for the treatment of patients with OPLL remains controversial. We believe that there are differences between ACF and other anterior procedures; likewise, laminoplasty is also different from other procedures that use a posterior approach. We strategized that specifically focusing on the narrow topic of ACF and laminoplasty may lower the potential clinical heterogeneity. Therefore, we performed a meta-analysis of recent studies to compare the use of ACF with that of laminoplasty for patients with OPLL in terms of neurological outcomes, complications, reoperations, and surgical trauma.
Methods inclusion and exclusion Criteria
Studies were included in our meta-analysis if they met the following inclusion criteria: 1) they were randomized or nonrandomized controlled studies, 2) patients were diagnosed with cervical OPLL, 3) comparative data between ACF and laminoplasty were available, 4) sample size was bigger than 10, and 5) follow-up time was longer than 1 year.
Studies were excluded according to the following exclusion criteria: 1) patients had cervical myelopathy caused by trauma, tumor, or infection; 2) patients had previous cervical surgery; and 3) patients had undergone decompression by a combined anteroposterior approach.
search strategies
A computerized search was conducted on the PubMed, Scopus, and Cochrane Library electronic databases. The following search terms were used: "anterior," "ventral," "corpectomy," "posterior," "dorsal," "laminoplasty," "cervical," "ossified," "ossification," and "posterior longitudinal ligament," with combinations of the Boolean operators "AND" and "OR." Studies were limited to those published between January 1990 and September 2015. References within relevant review articles were checked to identify additional underlying studies.
Data extraction
Two investigators independently extracted data from included studies. Disagreements were solved by discussion. The following data were extracted: demographic information, clinical outcomes (preoperative and postoperative Japanese Orthopaedic Association [JOA] score, recovery rate), radiological outcomes, incidence of complications and reoperations, operation time, and intraoperative blood loss. The extracted data were rechecked to ensure accuracy.
Quality Assessment
The quality of all included studies was assessed using the Newcastle-Ottawa Scale (NOS). 29 The NOS is recommended by the Cochrane Handbooks version 5.10 to assess the risk of bias in nonrandomized studies. The NOS uses a "star system" (maximum of 9 stars) to evaluate 3 broad perspectives: the selection of study groups; the comparability of study groups; and the ascertainment of either the exposure or the outcome of interest for case-control or cohort studies, respectively. Two investigators assessed the quality of the studies.
Data Analysis
Review Manager software (RevMan 5.3, The Cochrane Collaboration) was used to conduct the statistical analysis. Continuous variables were reported as the weighted mean difference (WMD) and 95% confidence interval (95% CI), while dichotomous variables were reported as the odds ratio (OR) and 95% CI. The random effects model was used if there was heterogeneity (I 2 ≥ 50% in a heterogeneity test) between studies; otherwise, the fixed effects model was used (I 2 < 50% in a heterogeneity test). For data that are presented as medians and ranges, the value of means and standard deviations were calculated using the formula described by Hozo et al. 11 Collected data were entered into a computer, rechecked, and analyzed by 2 investigators.
results search results
A total of 716 studies were obtained from the literature searches. According to our inclusion and exclusion criteria, 10 articles were finally selected into our meta-analysis, including 1 prospective nonrandomized study 27 and 9 retrospective studies (Fig. 1) . 2, 3, 8, 16, 18, 19, 21, 22, 28 The basic characteristics of included studies are shown in Table 1 . No statistically significant differences were found in age, sex, occupying ratio of OPLL, and follow-up time between the 2 groups.
Quality Assessment
Quality assessment of the included studies was independently conducted by 2 investigators, and arguments were resolved by discussion. Of the 10 nonrandomized controlled studies, 9 2, 3, 8, 16, 19, 21, 22, 27, 28 received more than 7 stars on the NOS and the 1 remaining study 18 received 6 stars. These ratings meant that all included studies were of relatively high quality. The quality assessment is summarized in Table 2 .
Clinical outcomes
Preoperative JOA scores were available from 9 studies. 2, 3, 8, 16, 18, 21, 22, 27, 28 No statistical difference was found between the ACF group and the laminoplasty group (p = 0.85, WMD 0.04, 95% CI -0.36 to 0.43; Fig. 2 ). Four studies 3, 22, 27, 28 provided the means and standard deviations for the number of involved segments for each group. It is not surprising that laminoplasty was used for patients with a greater number of involved segments (p < 0.0001, WMD -1.4, 95% CI -1.47 to -1.32; Table 1 ).
Postoperative JOA scores were extracted from 8 studies. 2, 3, 16, 18, 21, 22, 27, 28 The mean postoperative JOA score in the ACF group was higher than that in the laminoplasty group, with high heterogeneity for the comparison (p = 0.02, WMD 1.55, 95% CI 0.30-2.81; I 2 = 95%; Fig. 3 ). Hence, the random effects model was chosen for analysis.
Recovery rate data were available from 9 studies. 2, 3, 8, 16, 18, 21, 22, 27, 28 Similar to the aforementioned result, the mean recovery rate was significantly higher in the ACF group (p = 0.001, WMD 18.28, 95% CI 7.02-29.54; I 2 = 95%; Fig. 4) .
In 4 studies, 3, 16, 18, 21 patients were divided into 2 subgroups based on the occupying ratio of OPLL: mild subgroup (occupying ratio < 60%) and severe subgroup (occupying ratio ≥ 60%). The occupying ratio was defined as the ratio of the maximum anteroposterior thickness of OPLL to the anteroposterior diameter of the bony cervical canal at the corresponding level on a lateral radiograph or axial CT scan. Among patients with an occupying ratio < 60%, no statistical difference was found for the postoper- ative recovery rate between the 2 groups (p = 0.53, WMD 4.48, 95% CI -9.47 to 18.43; I 2 = 96%). However, among patients with an occupying ratio ≥ 60%, data analysis showed a significant difference in the recovery rate that favored the ACF group (p < 0.00001, WMD 27.85, 95% CI 21.27-34.44; I 2 = 83%; Fig. 5 ).
results related to radiological Assessment Data associated with radiological outcomes were rarely available in the included studies. The number of patients with preoperative and postoperative kyphosis and the angle of postoperative cervical lordosis are shown in Table 3 .
Meanwhile, the recovery rate of kyphotic patients and patients with high signal on T2-weighted MRI of the spinal cord are also presented in Table 3 . Better recovery rates were observed in the ACF group for patients with preoperative cervical kyphosis (p < 0.00001, WMD 21.83, 95% CI 16.49-27.17; I 2 = 0%) and high signal on T2-weighted imaging of the cervical cord (p < 0.0001, WMD 19.03, 95% CI 10.35-27.71; I 2 = 0%; Fig. 6 ).
Complications and reoperations
Data on complication rates were available for 7 studies. 2, 3, 16, 19, 21, 27, 28 According to analysis using the fixed effects model, a higher complication rate was found in the ACF group (p = 0.02, OR 1.67, 95% CI 1.08-2.59; Fig. 7) . Heterogeneity between studies was low (I 2 = 23%). The total complication rate from all included studies was 24.85% in the ACF group and 18.53% in the laminoplasty group. Dysphagia and hoarseness, cerebrospinal fluid (CSF) leakage, and implant complications were relatively common in the ACF group. Nevertheless, axial pain and C-5 palsy occurred more frequently in the laminoplasty group. Details of complications are shown in Table 4 .
There were 5 studies 2, 16, 19, 27, 28 that presented data on reoperations. The ACF group had a statistically higher reoperation rate than the laminoplasty group (p = 0.002, OR 5.21, 95% CI 1.83-14.79; I 2 = 35%; Fig. 8 ).
operation time and blood loss Three studies 16, 21, 27 reported data on operation time and intraoperative blood loss. Compared with the laminoplas- Fig. 9 ).
Discussion
This meta-analysis of 1 prospective nonrandomized study and 9 retrospective studies (819 total patients) comparing ACF with laminoplasty showed that ACF treatment resulted in better neurological recovery for patients with OPLL, especially those with an occupying ratio ≥ 60% and kyphotic cervical alignment. However, the ACF procedure was associated with a higher incidence of complications and revisions, longer operation time, and more intraoperative blood loss. 
Clinical outcomes
The preoperative JOA score played an important role in baseline evaluation. Since there was no significant difference in preoperative JOA score between the 2 groups, we can simply use postoperative JOA score as a parameter to compare the clinical outcomes. In our meta-analysis, both postoperative JOA score and recovery rate were higher in the ACF group, which meant that the ACF method could result in better neurological outcomes. The number of involved segments of OPLL was different between the surgical groups. Most surgeons tend to choose laminoplasty for patients with extensive levels of OPLL. Although statistical synthesis of the meta-analysis could not be conducted given the lack of sufficient data, we can expect the postoperative neurological recovery to be affected by the number of levels involved. To some extent, this may have contributed to the relatively poor clinical outcomes in the laminoplasty group. Clinical outcome was superior in the ACF group for patients with an occupying ratio ≥ 60%. However, for patients with an occupying ratio < 60%, the postoperative neurological recovery was similar for both groups. These results may be easily explained by the fact that ACF is a direct decompression method that removes the original compression of the spinal cord. Chen et al. 4 completed a minimum 5-year follow-up after ACF treatment for patients with OPLL and reported satisfactory clinical outcomes in terms of postoperative JOA score, recovery rate, maintenance of cervical lordosis, and sagittal balance. Iwasaki et al. 16 recommended ACF treatment for OPLL patients with an occupying ratio ≥ 60% and/or hill-shaped ossification, even though the ACF procedure is technically demanding and has a higher rate of surgeryrelated complications.
It is well known that laminoplasty is most often performed in patients who have adequate cervical lordosis. On occasion, it is also used for patients in whom the cervical spine was straightened or even kyphotic. 5, 26 Ogawa et al. 26 and Iwasaki et al. 14 recommended expansive and extensive laminoplasty for the treatment of cervical OPLL, even in patients with mild kyphotic deformity. Their studies indicated that the long-term result after expansive laminoplasty was satisfactory. Our meta-analysis revealed that laminoplasty was performed less often in patients with kyphotic alignment (Table 3 ). This finding is explained by the fact that patients with cervical kyphosis who had undergone laminoplasty experienced significantly lower re- covery rates. Moreover, we found that the C2-C7 lordotic angle significantly decreased and that kyphotic deformity usually occurred after laminoplasty. The preparation and consecutive denervation of deep extensor muscles is a common cause of the loss of lordosis following laminoplasty. 12 In long-term follow-ups, late neurological deterioration after laminoplasty was not rare and was attributable to the progression of OPLL and the occurrence of postoperative kyphosis. 14, 26, 27 The presence of a high signal on T2-weighted MRI of the spinal cord was associated with poor outcomes even with adequate decompression. 30 Early surgery was recommended for those patients to reduce further spinal cord injury. Based on our meta-analysis, a better recovery rate was observed after anterior surgery compared with posterior laminoplasty (Table 3) . Hence, for patients with a high signal on T2-weighted MRI of the cervical spinal cord, ACF appears to be the preferable surgical method.
Complications and reoperations
According to our meta-analysis (Table 4) , ACF (24.85%) has a higher complication rate than laminoplasty (18.53%). Dysphagia and hoarseness, CSF leakage, and implant com- plications appeared more frequently in using the anterior approach, and these complications accounted for 8.58%, 6.51%, and 4.14% of the total detectable complications, respectively. The major complications associated with laminoplasty were C-5 palsy (6.95%) and axial pain (5.79%). The incidences of specific complications in our meta-analysis were similar to those in a previous systematic review. Li et al. 20 reported a total complication rate of 24.3% in using the anterior approach. They reported higher incidences of CSF leakage and implant complications, which accounted for 11.9% and 10.6% of the total detectable complications, respectively. However, hoarseness and dysphagia (5.6%) were less often reported.
Many surgeons pay much attention to the occurrence of CSF leakage. The double-layer sign is a sensitive and valid indicator for diagnosing dural ossification, which is useful for indicating CSF leakage. 6, 31 CSF leakage can be easily and successfully managed using a combination of intraoperative adjuncts (fascial graft, gelatin sponge) and postoperative lumbar drainage. 17, 24 For the ACF procedure, it was found that more complications occurred as the number of levels operated on increased. Increased levels of ACF were also associated with increased blood loss and operation time. 4, 16, 18 Fraser and Härtl 7 conducted a meta-analysis to study the fusion rate of anterior cervical surgery. The fusion rate of 1-level ACF was 95.9%, while the rate decreased to 89.8% in 2-level ACF; thus, the fusion rate decreased as the number of levels being fused increased. The above disadvantages could explain why laminoplasty rather than ACF was usually chosen for patients with extensive long-segment OPLL.
The prevalence of axial symptoms in 72 (60%) patients after laminoplasty was reported by Hosono et al. 10 In that study, 25% of patients suffered from axial pain for more than 3 months, and 13% needed analgesics. The etiology of neck and shoulder pain after laminoplasty remains unclear, although it probably occurs secondary to posterior soft-tissue dissection and facet joint disruption. 9 The symptom of C-5 palsy mainly presented as deltoid paralysis. C-5 palsy was supposed to be the result of a tethering effect on the nerve root near the apex of lordosis, which is induced by excessive shifting of the spinal cord after laminoplasty. Hence, avoiding cervical cord tethering by expansive laminoplasty may lower the incidence of C-5 palsy. Foraminotomy may be a useful treatment for patients with severe pain or motor paralysis. 13, 25 Data about reoperation for OPLL were limited. Our meta-analysis revealed a higher reoperation rate in the ACF group. The major reason for revision was implant complications (8 of 14 reoperations), such as bone graft dislocation and pseudarthrosis. Our results were similar to those in a systematic review conducted by Li and Dai, 20 in Fig. 8 . Forest plot of reoperation rates for the ACF group and the laminoplasty group. which the authors reported that 12 of 26 cases with bone graft dislocation or fracture and all 9 cases of pseudarthrosis were managed with reoperation to attain solid fusion.
operation time and blood loss
According to our analysis, ACF was associated with a longer operation time and more intraoperative blood loss than laminoplasty. The surgical trauma was relatively large, and many older patients (over 65 years of age) could not tolerate anterior cervical surgery for OPLL. 6 
study limitations
Our meta-analysis has several limitations. First, all included studies were nonrandomized and their quality was not high. Although the quality seemed satisfactory according to the NOS assessment, we must acknowledge that further high-quality, randomized controlled trials with more patients should be performed. Second, the number of involved segments of OPLL was different between the surgical groups, which could impact clinical outcomes and affect decision making. Third, clinical heterogeneity exists because of the variety of surgical techniques used in each study. Fourth, the clinical results for different kinds of OPLL, such as the type (continuous, localized, or mixed) and shape (plateau-or hill-shaped), were lacking in our included studies. Furthermore, all included studies focused solely on the evaluation of neurological function improvement while neglecting to evaluate overall quality of life using instruments such as the SF-36 (36-Item Short Form Health Survey) or EQ-5D scale.
Conclusions
ACF produces a better neurological outcome for patients with cervical OPLL, especially those with an occupying ratio ≥ 60%. However, attention should be paid to the higher incidence of complications and reoperations, longer operation time, and higher blood loss associated with ACF as compared with laminoplasty. We conclude that for patients with an occupying ratio ≥ 60% or with kyphotic cervical alignment, the ACF method appears to be preferable. Given that ACF has more complications and surgical trauma, laminoplasty seems to be effective and safe enough for patients with an occupying ratio < 60% or with adequate cervical lordosis. However, it must be emphasized that surgical strategy should be decided based on the individual patient's physical status, number of involved segments, and so on. Further randomized controlled trials comparing ACF with laminoplasty for patients with OPLL should be performed to arrive at a more convincing conclusion.
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